In Persian nutrition culture, drinking aromatic waters (hydrosols, distillate) has a long history as functional beverages or therapeutic remedies. The co-distilled water with essential oils, which contains partial amounts of more water-soluble volatile compounds are diluted and used as beverages. Since the solubility of volatile components is different in water, the overall composition, and thus the biological activities of aromatic waters seem to be different from the essential oils they were co-distilled with. Despite the essential oils, chemical constituents of many aromatic waters have not been evaluated scientifically. This research investigated hydrosols used for mental and neurological health maintenance in Persian nutrition culture and their chemical constituents. Constitutions of these hydrosols were extracted by liquid/liquid extraction method and identified by gas chromatography-mass spectrometry. Furthermore, cluster analysis was used to evaluate the relevance of these hydrosols chemical constituents. About 93 compounds were identified from 20 aromatic waters. the major or second major constituents were thymol (azarol howthorn, frankincense, lemon balm, valerian, shadab), phenethyl alcohol (damask rose, dog-rose, starflower), carvacrol (basil, creeping buttercup, lemon balm); eugenol (shadab, dog-rose, starflower, basil), camphor (yarrow and wormwood), carvone (oriental plane), caryophyllene (cuminum), cinnamaldehyde (Chinese cinnamon), p-cymen-7-ol (musk willow), limonene (lemon verbena), linalool and a-terpineol (bitter orange), menthol (date palm) and methyl 5-vinylnicotinate (olive). Although, these hydrosols prepared from plants belong to different genus and families, but cluster analysis showed obvious similarities between their chemical constituents. Results of this investigation showed in many cases that the constituents of aromatic waters are different from the pure essential oil.
For centuries, traditional herbal formulations and different functional foods have been widely used for treatment of various mental and neurological conditions. In Persian traditional medicine many aromatic plants and their derivatives such as hydrosol have been used as functional beverages for mental and neurological disorders. In Persian traditional medicine system, therapeutic remedies divided by the nature of drugs origins. Based on this classification the remedies could have hot, cold, dry, wet, or moderate nature. 5 In Persian traditional medicine systems, several hydrosol drinks obtained from different medicinal plants have been used for a range of neurological conditions. Different therapeutic effects have been cited for them such as antianxiety, sedative, anticonvulsant, antifatigue, and analgesics for headaches.
Pervious investigations on biological activity of medicinal plants on neural system showed diverse mechanisms of action, including upregulating of monoamine neurotransmitters by suppressing the reuptake, inhibiting monoamine oxidases, simulating of brain-derived neurotrophic factor expression, blocking 5-HT1A receptor and promoting the secretion of adrenocorticotropin for some of them. 6, 7 Although extensive evidences showed potential effects of phytochemicals on neurological disorders but a few researches focused on volatile constituents of traditional formulation such as hydrosols or aromatic waters. 8 Aromatic water beverages constitute the major part of herbal market in Iran, more than 50 different types of these products present as functional drinks. The diverse origin of these products caused a very diverse volatile constituents and therapeutic activity. Although in some cases, these aromatic waters have a similar aroma to the pure essential oils they were co-distilled with, but in many cases, they have different volatile constituents due to different water solubility of the volatile compounds and thus these have different properties.
This study investigated constituents of aromatic waters used in Persian nutrition culture and folk medicine for neurological conditions.
Materials and Methods

Phytochemical Analysis
Names and therapeutic properties of aromatic waters used for different neurological disorders were obtained using questioners filled by manufactures and retail sellers of these aromatic waters in Fars province (2016) (2017) . The most frequently cited aromatic waters were purchased from the herbal market and their constituents were investigated. Briefly, 500 mL of each aromatic water was extracted with 500 mL of petroleum-ether. The essential oils of the samples were extracted from aqueous phase to organic phase (petroleum-ether) using a glass liquid-liquid extractor. In order to increase the concentration of volatile component in the organic phase, the aqueous phase was replaced by the fresh hydrosol after 150 minutes. Petroleum-ether extract was concentrated by rotary evaporator (IKA RV10), equipped with a Heidolph Rotavac vacuum pump.
Gas Chromatography-Mass Spectrometry
The concentrated petroleum-ether extracts of the beverages were subjected to gas chromatography-mass spectrometry (Agilent Technologies 7890 Gas Chromatograph) for analysis of the chemical compositions equipped with HP-5MS capillary column (Agilent Technologies 19091 S-433., 30 Â 0.25 mm inner diameter). Mass detector was Agilent Technologies model 5975 C in EI mode at 70 eV. The thermal ramp rates were increasing temperature from 60 C to 220 C 
with the rate of 5 C/min and held at 220 C for 10 minutes. The carrier gas (helium) was used with the flow rate of 1 mL/min. The interface temperature and mass range was set up to 280 C and 30 to 600 m/z, respectively. Identification of the volatile compounds was done using the NIST (National Institute of Standards and Technology) or Wiley libraries, pervious literature, and by comparison with retention times and mass spectra of the reference compounds.
9,10
Statistical Analysis
In order to find correlation between aromatic waters constituents, hierarchical cluster analysis and K-means analysis were done using SPSS statistics software package (version 16).
Results and Discussion
The beverages that are used for neurological disorders in Persian traditional medicine are listed in Table 1 . Some of these beverages and their applications have been maintained in traditional Persian manuscripts such as Qarabadin-e-kabir and Qarabadin-e-salehi and some others recently have become popular in folk medicine without any citation in traditional literatures. The hydrosols that are used in this study prepared from plants belong to 15 families ( Table 1) . Most of these hydrosol beverages are prepared from the leaves and flowers of plants. Diverse effects on neurological conditions have been cited for these aromatic waters, including memory (Table 2) . Sedative effect was the most frequent therapeutic application of these hydrosol beverages. The chemical constituents of investigated aromatic waters were determined by gas chromatography-mass spectrometry technique and the identified compounds are listed in Table 3 . Since the plants that are used to prepare these aromatic waters belong to different genus and families, hierarchical cluster analysis and K-means analysis based on chemical constitutes were used to make clusters and subclusters and find any correlations between aromatic waters and their constituents ( Figure 1, Table 4 ). As seen in Table 3 , which shows the constituents of beverages, the major or second major constituents were thymol (azarol howthorn, frankincense, lemon balm, valerian, shadab), phenethyl alcohol (damask rose, dog-rose, starflower), carvacrol (basil, creeping buttercup, lemon balm); eugenol (shadab, dog-rose, starflower, basil), camphor (yarrow and wormwood), carvone (oriental plane), caryophyllene (cuminum), cinnamaldehyde, (Chinese cinnamon), r-cymen-7-ol (musk willow), limonene (lemon verbena), linalool and a-terpineol (bitter orange), menthol (date palm), methyl-5-vinylnicotinate (olive), and yamogi alcohol (yarrow). There is a correlation between hierarchical cluster analysis and K-means analysis mean analysis results (Figure 1, Table 4 ). Based on both analyses damask rose, dog-rose, and starflower aromatic waters made a distinct cluster because of the presence of 47% to 77% phenethyl alcohol. The similarity of wormwood and yarrow aromatic waters seen in hierarchical cluster analysis and K-means cluster analysis might be because of the presence of camphor (23.56%-42.49%) as the major constituent, artemisia alcohol (3.12%-8.16%) and trans-thujone (4.36%-6.74%) in these aromatic waters. Considering hierarchical cluster analysis and K-means analysis, cuminum, creeping buttercup, and Chinese cinnamon constituents had a big difference with other aromatic waters. According to the hierarchical cluster analysis, azarol hawthorn, basil, frankincense, olive, shadab, valerian, lemon balm, lemon verbena, date palm, bitter orange, and musk willow made a big cluster based on their thymol and carvacrol contents with some subcluster within it. For example, basil, shadab, and lemon balm made a subcluster because of similar thymol (22%-45%) and carvacrol (14%-32%) contents (Figure 1) .
Date palm and oriental plane made a subcluster according to K-means, which might be due to the similar content of thymol (6.1%-7.3%), pulegone (6.12%-6.46%), and carvone (7.69%-24.21%) in these aromatic waters.
For many of these aromatic waters, this is the first report on their chemical composition. Since many of these aromatics are said to have multipurpose applications such as cardiovascular, hormonal, neurological, and gastrointestinal effects. In our previous works on hydrosols used for cardiovascular conditions or women's reproductive and hormonal conditions we have reported chemical composition of some of these aromatic waters such as wormwood, yarrow, oriental plane, and azarol howthorn. 10, 11 On the other hand, it was essential for the current research to find relation between these aromatic waters using cluster analysis. Thus, the previously reported 10, 11 aromatic waters were analyzed again to avoid any variation in results due to the experimental conditions.
There is a good agreement between the results of the current article with the aromatic waters that were reported in the previous works. 10, 11 In most of the cases, the major constituents are the same and the chemical compositions are similar with some degree of variation in constituents' percentages. For some other aromatic waters, such as shadab, lemon verbena, cuminum, Chinese cinnamon, bitter orange, and basil, this is the first report on chemical constituents of their hydrosols thus, it was not possible to compare the results of the current research with others but the major components of the reported essential oils are summarized in Table 5 . Considerable differences can be observed by comparing aromatic waters and reported essential oils for these plants. For cuminum, the major components in the aromatic water are transcaryophyllene, 3,4-dimethoxytoluene and caryophyllene oxide while main compounds in cuminum essential oil are cuminal and cuminic alcohol (Table 5 ). In case of lemon balm and frankincense, carvacrol, thymol, and linalool constituted the main part of aromatic water compositions (Table 3) while the major components of the essential oil of these plants (Table 5) are citronellol, d-3-carene, and in some cases, carvacrol with citronellal and geraniol. 12 Significant diffrences can also be found between compositions of damask rose, bitter orange, dog-rose, valerian, and musk willow aromatic waters and essential oils (Tables 3 and 5 ). These diffrence between aromatic water and essential oil compositions may arise from polarity and solubility of volatile compositions in water. 10, 11 It seems that due to different chemical composition, it is essential to consider different biological activities for aromatic waters compared with pure essential oils. 
Conclusion
The present investigation introduced some aromatic waters that are used in Persian nutrition culture and folk medicine for nurological conditions and maintaining mental health. Based on this reserch chemical compositions of these aromatic waters are remarkably different from the essential oils of the plants used to prepare them. These plants originated from a vriety of genus and families but using cluster analysis (hierarchical cluster analysis and K-means) showed that some similarity can be identified between their chemical compositions. Thymol, phenethyl alcohol, carvacrol, eugenol, and/or camphor were the major constituents in most of the aromatic waters. This study was not designed to evaluate the efficacy of these aromatic waters (hydrosols), but centuries of production and consumption of these aromatic waters in Persian folk medicine and nutrition culture might be related to their efficacy. This research may present a valuable line for developing functinal beverages for mental health or neurological conditions. Also, scientific evaluation of these aromatic waters constituents may lead to some new therapeutic agents.
